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Foreword

The new international environment has opened opportunities for pulsed power research
that were not possible a few years ago. Pulsed power technology developed with Department
of Defense support was primarily directed towards Department of Defense goals — perhaps
more so than other areas of critical technology. There are, however, many significant
applications for pulsed power in the commercial sector. The ability to tailor power pulse
shapes and sequences and efficiently deliver energy in a pulsed, rather than DC or traditional
AC mode, opens new horizons for commercial applications of lasers, accelerators, in
medicine and pollution control, advanced motor control, and many other areas. There will be
many applications for efficient, long-lived, reliable pulsed power that can be matched to
applications requiring specialized voltage and current.

The 1993 Workshop on Commercialization of Pulsed Power Science and Technology
brought together experts in the full range of problems facing technology transfer to discuss
the issues facing commercialization and marketing. Those involved represented in addition
to pulsed power expertise, experience in licensing, development, product engineering and
marketing of new technology. The Workshop Proceedings provides a summary of discussion
and expertise in all these areas.

We think the Workshop looks realistically towards the future. International
development of products utilizing pulsed power is impressive, and the opening of this area
for the commercial sector is, in our opinion, one with important consequences for the
technological health of the nation. The areas cited above, and discussed in the Proceedings.
such as power generation, efficient uses of power in industry and vehicles, and products for
food processing and medical applications, will over the next decades impact jobs in market
areas that are worth billions of dollars. It is extremely important that research, engineering,
and product development be first rate, if we are to achieve substantial market-share in the
future.

It seems clear that there is an important role for the organizations that have for so long
supported the research that has produced the present level of expertise. As products develop.
so do issues of a proprietary nature. Companies, after all, rise and fall depending on their
ability to develop markcts in very competitive environments. The support for research that
will lead to new applications, in an open environment, must not be lost. Delicate proprictary
issues must continually interface with the need for open research. The quality in engineering
and the applied sciences, research results and an incredible level of quality in the skills of the
scienusts and engineers coming from government-supported university programs, largely the
result of DoD support, is the envy of the world. We must maintain this — while continuing
to foster commercial competitiveness — and we must address the needs of private companies
that bring these results to the marketplace. Clearly, there will be many important and
difficult problems for research management for vears to come.

Martin Gundersen
Gabriel Roy
Karl Schoenbach

(i)
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AGENDA
WEDNESDAY, AUGUST 18
8:00 - 8:30 a.m. Registration
8:30 - 8:45 a.m. "Introduction and Objectives"

G. Roy, Office of Naval Research

8:45-9:15a.m. "Repetitive Pulsed Power Technology and
Commercial Applications”
K. Prestwich, Sandia National Laboratories

9:15-9:45 am. "Commercialization of Pulsed Power Technology
at Maxwell, Part 11"
E. Chu. Maxwell Laboratories

9:345 - 10:15 aum. Coftee Break

10:15 - 10:45 a.m. "Overview of the Federal Technology
Commercialization Program”
N. Montanarell, Technology and Appiications
Program, BMDO

10:45 - 1105 am. "Technology Transfer and Venture Capital”
B. Wemmuan, Newtee Ventures

TS - 145 am. Discussion, Formation of Working Groups
12:00 - 1:30 p.m, Lunch
1:30 - 5:00 p.m. Working Group Mectings

a) Power Electronics

h) Environment

¢) Matertals Treatment
d) Medical Applications
¢) Other Applications

(iv)




Pulsed power researchers will have the opportunity to present their ongoing or planned
work (with respect to its commercialization). Potential users of pulsed power technology
will present their views on the applicability of pulse power technology for their particular
applications. The discussion will focus on the assessment of the technical and
commercial potential of proposed tcchnologies and on new applications for existing
technologies.

6:30 p.m. Reception

7:30 p.m DinneriSpeaker
“Technology Transfer through Licensing”
J. Sandelin, Stanford University

THURSDAY, AUGUST 19
8:00 - 10:00 a.m. Group Report Preparation
10:00 - 10:30 a.m. Colffee Break

10:30 - 12:30 p.m. Group Reports and Discussion
12:30 - 2:00 p.m. Lunch
2:00 - 3:30 p.m. Panel Discussion

Topics:

- Potential of Discussed Pulsed Power Technologies

- New Applications/Markets

- Networking

- Technology Transter Paths

- Patents, Licensing

Participants:

- Pulsed Power Rescarchers eNutonal [ans, Companies,
Universines), Users, Government
Representative. Investors

3230 400 pam. Cottee Break

4:00 - 5:.00 p.m. Discussion, Recommendations

FRIDAY, AUGUST 20

8:30 - 12:00 pan. Workshop Organizing Committee Meceting
Draft meeting report

12:00 p.m. Adjournment

(v)




REPETITIVE PULSED POWER TECHNOLOGY
AND COMMERCIAL APPLICATIONS

K. Prestwich
Sandia National Laboratories
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WESTINGHOUSE DESIGNED 15 KV TO 270 KV
PULSE TRANSFORMER IS ASSEMBLED m
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TECHNOLOGY TRANSFER

AND

VENTURE CAPITAL

PRESENTED BY:

BARRY M. WEINMAN
GENERAL PARTNER OF NEWTEK VENTURES

gzwr;x
L enrvxr.s)
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1
FINANCING TECHNOLOGY

DEVELOPMENT
} # AGENDA

=" m———— - et

I. INTRODUCTION
NEWTEK VENTURES

BARRY WEINMAN

II. TRADITIONAL METHODS

P8 r

[I. VENTURE CAPITAL

IV. SOME OTHER IDEAS

NEWIKK H
LL sgNTURES
N

e S —!
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INTRODUCTION

TO

NEWTEK VENTURES

FOUNDED:

$$ MANAGED:

INTEREST:

CRITERIA:

INITIAL $:

PORTFOLIO
STATUS:

|\

MARCH 1983

OVER 560M

EARLY STAGE HIGH-TECH
BREAKEVEN AND POISED
FOR CHANGE

EXCELLENT MANAGEMENT
COMPELLING MARKET

HIGH MARGIN PRODUCT OR
SERVICE

FOCUS & SENSE OF URGENCY
“UNFAIR ADVANTAGE”

$250K TO $1M
PLUS SYNDICATION HELP

36 COMPANIES
91P0O’S

1 ACQUISITION
3 WRITE-OFFS

A FEW SICKIES LR IEX

VENTURES

?
4

-/

e et cting
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BARRY WEINMAN

B.S. CLARKSON UNIVERSITY |
M.A. UNIVERSITY OF SOUTHERN CALIFORNIA

“BIG COMPANY”

AT&T MANAGEMENT TRAINEE

U.S. NAVY OPERATIONS OFFICER

- SPEECHWRITER

FAIRCHILD SEMICONDUCTOR PRODUCTION
IBM MARKETING

“SMALL COMPANY”

1Al FOUNDER, CEQ
MANUFACTURING SOFTWARE

BATTERY FOUNDER, PRESIDENT

SYSTEMS NICKEL-ZINC BATTERY

L SA ]

NEWTEK VENTURES TURN-AROUNDS

PHAGE ™ AESFBOUIPMENT
KEY LOGIC ~ SYSTEMS SOFTWARE

BOARD OF DIRECTORS RESPONSIBILITIES

HUNTER SYSTEMS

KEY LOGIC

NEXT CENTURY POWER
PALM COMPUTING

BE, INC.

gEWng
VENTURES

—_ =
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TRADITIONAL SOURCES

o — . e e ——————r—

. R&D

SBIR GRANTS
DARPA
NIH
DOE
NSF

CORPORATIONS
DIRECTED DEVELOPMENT
GREYHAWK
CHOLESTECH

. PRODUCTIZATION

STRATEGIC PARTNERS
CONNOR PERIPHERALS
NEUREX

BIRD FOUNDATION
HUNTER SYSTEMS
1l. MARKET READY
VENTURE LEASING

RECEIVABLES FINANCING
JOINT VENTURES

NEWTEX
YENTURES

R — Sl

v

107

oy

e e e e ot At
T T e




VENTURE CAPITAL STATISTICS

INDUSTRY SIZE: 644 FIRMS

NO. OF PROFESSIONALS: APPROX. 2,000 (1/2 PARTNERS)

GROWTH RATE: 4.4%
MONEY RAISED:
1989: $2.4B
$1.38
1991: $1.3B.
1992; ~ $23B

COMMITMENTS:

1989: $3.4B (1,600 DEALS)
1990: $1.9B (1,018 DEALS)
1991: $2.0B (1,200 DEALS)
1992; $2.58 (1,207 DEALS)

1993 AVAILABLE $ POOL: $29.5B

NERTEX
e — — e
VENI‘UIZESJ
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Dollacs (Billions)

1890 1997 1982 19893*

988 13849

-
‘

885 1586 1987

1
t

984

]
‘

1683

Years

*Turough jane 1993,

Vensure Economics

.
+

NEWTEK

VENTURLES
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VENTURE CAPITAL PROCESS
(KISSING LOTS OF FROGS)

L WE RAISE MONEY

" T L SUTDEM -- MINDEM
A. FIND DEALS
B. STRUCTURE TERMS & CONDITIONS

C. HELP DEVELOP VALUE

1. RETURN CAPITAL & PROFIT

V. RAISE NEW FUND OR CHANGE CAREERS

NEWTEX
VENTURES

e = st @ P

J
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WHAT VENT CAPITALISTS
OOK FOR IN A COMPANY

v EXPERIENCED MANAGEMENT

v SENSE OF URGENCY!!!

v COMPELLING MARKET

v  STRATEGIC FOCUS

v TECHNICAL EXCELLENCE

v REASONABLE FINANCING

¢ EXIT STRATEGY

L NEWTERK
ey

e a———3
VSNT(’RESJ

(@ B
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'~ LEAD FUTURE FINANCINGS

VENTURE CAPITALISTS
WILL
HIRE & FIRE THE CEO

HELP SET STRATEGIC DIRECTION FOR THE
COMPANY

MAKE INTRODUCTIONS TO FINANCIAL,

BUSINESS AND OTHER POTENTIAL CONTACTS
USEFUL TO THE COMPANY

ASSIST THE CEO THINK THROUGH HOW TO
GROW THE COMPANY

VENTURE CAPITALISTS
WILL NOT |
RUN THE COMPANY
DEFINE NEW PRODUCTS
SET THE ORGANIZATION STRUCTURE
PREPARE BUSINESS PLANS
BE INVOLVED IN DAY-TO-DAY OPERATIONS

NEWTEK

VEi?d???‘J

e
e —— e ———————— e e e ——— e - ———
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+  “CHEMISTRY”

WORKED TOGETHER

+  ACKNOWLEDGE LEADER
- CLEAR CUT RESPONSIBILITY/
AUTHORITY

it @ e

BUILT A COMPANY

SIGNIFICANT PERSONAL INVESTMENT
»  ENTREPRENEURS AS INVESTORS
«  HOWMUCH IS YOUR CAR WORTH?

. g e . STy s TSt arp T S

BULLD ON PREVIOUS EXPERIENCE
* DOITRIGHT
- BE FOCUSED

NEWTEK

YENTORES

T at—
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SOME OTHER IDEAS

e

CONNECT: UCSD N
TECHNOLOGY FORUMS
MEET THE RESEARCHER
SEMINARS: MANAGING HIGH TECH START-UPS

ﬂ AEA UNIVERSITY ASSOCIATES PROGRAM
PARTNERSHIP TO LEVERAGE RESEARCH
AEA R&D FORUM

STANFORD PROGRAM

t PARTNERING:

‘ CONSULTING / PART-TIME WORK
LICENSING

” PUBLIC DOMAIN CONCEPT (PROTOCOL ENGINES)
LICENSE: FREE AND NON-EXCLUSIVE
TECH FORUM: $25K/YEAR $S500/SESSION
| CONSULT: EXPERTS IN TECH
EQUITY IN START-UPS
h NEWSLETTER SUBSCRIPTION

NEWTEX
VENTURES
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WORKING GROUP REPORTS
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WORKSHOP ON COMMERCIALIZATION OF
PULSED POWER SCIENCE AND TECHNOLOGY

San Francisco, CA, August 18-19, 1993

Working Group on Medical, Materials, Other

Participants
Gunter Hofmann BTX
Tom Naff P.L
Kris Kristiansen TTU
Gabriel Roy ONR
Nick Montanarelli BMDO
Roseanne Dutton USC

Wayne Hofer DOE/LLNL
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EXCITING OPPORTUNITIES FOR PULSED POWER IN MEDICINE

AND MATERIALS ... BUT NEED TO ADAPT, COMMUNICATE, AND
ORGANIZE

- Applications

- Cultural issues

- "Packaging” the technology
- "Selling" the technology

- A success story

119




PLICATIONS:

e ————

Medical
- Imaging - P.E.T., ultrasound, FEL

- Lasers - burn treatment, tatoo removal, photodynamic
therapy, plastic surgery, bone cutting, and healing

- Dry sterilization (plasmas, ionbeam)
- Surface treatment (surgical instruments)
- Electroporation
- Pulsed lithotripsy - focused shockwaves
- Waste treatment:
e-beam
x-ray

microwave

Materials/Other ... welding, surface treatment, sub-terrainean
radar, treatment of mixed waste, biofouling

The medical customer is different than the U.S. government!

120




CULTURAL ISSUES:

- The "human factor” - hesitation or unwillingness to risk
- NIH (not invented here) factor
- Proper credentials - "MD"

- Time-lag to acceptance - may be necessary to "start off-
shore”

- Liability

- Regulatory agencies

121




"SELLING THE TECHNOLOGY" TO A SOMETIMES WARY
CUSTOMER:

- Work through medical schools, tréde associations, and
professional societies

- Publish and promote in trade journals
- Participate in medical conferences and seminars
- "Special issues” of leading publications

- Recruit/convert an MD/PhD who likes advertising and R&D
... the thought leaders"

- Work with Health Industry Manufacturing Association
(HIMA)

- Industrial/University recruit Congress

- Identify industry pull

. 122




PACKAGING THE TECHNOLOGY IS CRUCIAL:

- Need a new, readily comprehended technology descriptor -
not "pulsed power"

- Clearly identify the differentiators:

may need x100 improvement
an entirely new capability

- User-friendly - not "high-tech":
reliable

easy to set up and maintain
customer focused

123




WORKSHOP ON COMMERCIALIZATION OF
PULSED POWER SCIENCE AND TECHNOLOGY

San Francisco, CA, August 18-19, 1993

Working Group on Environmental Applications

Participants

Jeffrey M. Cukr

George B. Frazier

Mike Grothaus

Myron Jones

David A. Goerz

George F. Kirkman

Axel Wolf Kratel

Kenneth R. Prestwich

Bernie M. Penetrante

Karl H. Schoenbach

Howard W. Shaffer

Leonard T. Whitlock

Defense Nuclear Agency
Physics International
Naval Surface Warfare Center
Electric Power Research Institute

Lawrence Livermore National
Laboratory

Integrated Apnlied Physics

California Institute of
Technology

Sandia National Laboratories

Lawrence Livermore National
Laboratory

Old Dominion University

Westinghouse Electric
Corporation

Oceaneering Technologies
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Sampling of Participants’ Objectives

- get ideas that may lead to new business

- interested in diversifying and broadening
business base in pulsed power; environmental
applications is one of new target areas

- find out where the pulsed power community is
headed

- gather opinions on the best way to get the
technology to the market

- learn about the capabilities of the pulsed power
community and match them with the needs of
various industries

- seek new opportunities; find how national labs,
industry and univerties can cooperate

- find out about the capabilities of the pulsed
power community, with special interest in
groundwater treatment

- gather information and learn the state of the art
in pulsed power, with interest in the remediation
of ground water

- interest in expanding funding programs on
environmental pulsed power applications

125
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COMMENTS

* the urgent environmental applications of pulsed
power are already known to most people

e there are already on-going activities resulting
from the community's effort to survive
* we have to change this
e Survival should not be the goal. It should
be the by-product.

e there is a lack of data and understanding to

convince the users that pulsed power is the right
solution

¢ there is a need for comparison of technologies,

and an open and honest discussion of the best
solution

e Is the solution really pulsed power?




APPLICATION OF PULSED POWER TO
NON-THERMAL PLASMA PROCESSING

Needs

pulsed power generators for pulsed corona
accelerators for pulsed electron beam
power modulators for dielectric barrier

discharge

e concepts for atmospheric-pressure microwave
discharge

Applications

e simultaneous NOx /SO removal in power plant
flue gas

e NOx control in internal combustion engines

* treatment of volatile organic compounds in
industrial off-gases

e demilitarization of high explosives
e water treatment

Issues

power consumption
capital cost
e lifetime and reliability

Novel Concepts
e hybrid types of plasmas
e pulsed discharge = e-beam with bad emittance ?

127
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APPLICATION OF PULSED POWER TO
NON-THERMAL PLASMA PROCESSING

Whether e-beam or discharge,

pulsing is the means for attaining

high power and high electron energies.

* high power required because of large volume flow
rates

* high electron energies required in order to
increase processing efficiency

128




DEVELOP RELATIONSHIPS that will help us find
commercial markets for pulsed power.

129




Focus on a specific goal that will accelerate the
development and application of pulsed power for
environmental applications.

CULTURAL CHANGE IS NEEDED

e if this technology is so wonderful, how come
industry is not craving for it

e we still need to sell the technology to the users

DEVELOP A SENSE OF URGENCY

Invest in pilot plant demonstrations to show that
DOE, DOD and industry are serious about this
technology.

e concentrate on applications with requirements
that can be met with existing or near-existing

technologies

* e.g., industrial boilers instead of utility
power plants

130




APPLICATION OF PULSED POWER
TO AIR POLLUTION CONTROL

HOW BIG IS THE MARKET ?

131




TOTAL U.S. EMISSIONS OF NO_

24 million tons per year

INDUSTRIAL FUEL
COMBUSTION \@ TRANSPORTATION

reduce to 2 million tons per year

In the US alone, the total emission of NOyx amounts

to 24 million tons per year. About 53% of this is

emitted from utility and industrial fuel combustion.
The Clean Air Act of 1990 demands that the NOx

emissions be reduced to 2 million tons per year (92%
reduction).
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Even with particulate removal devices having an
average removal efficiency of 99%, the worldwide
emission to the atmosphere is still 30 million tons of
solid particulates per year. Forecasts suggest thai by
year 2000, the world coal consumption will increase
by 35%. To keep the total emissions of solid
particulates constant, the collection surface of
electrostatic precipitators have to be doubled.

High-voltage wires for
corona drscha

Dust-collection . —
plates <

Clean gas

-

Dirty gas
A1
Corona discharge ¢~
along lgngtj/ - Collected
of wire 'A - dust on plates
/ Dust removed from
___l_f plates to hoppers

Simplest form of an electrostatic precipitator. When a high voltage is applied
to the wire, the electric field created produces a corona region consisting of
electrons and ions. The drift field established between the corona region and
the collection plate extracts ions. These ions interact with the particulates,
imparting charge to the dust which is then driven to the collecting plate.
Maximum particle collection requires maximum charges on the particles and
maximum precipitation fields. Large particle charges can be attained only by
applying very high peak voltages, while rapid collection of the charges
requires high time-averaged values of the voltage.
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APPLICATION OF PULSED POWER TO
FLUE GAS CLEANUP

N2, Oz, H,0
I

electrons

’

N, O, OH

OH, O
SO, "~ . H,S0,
HO,

NH

HySO4 — 2 o (NH,),SO,
H,O
NH 3, H,0

(NH4)2SO4 HN03 . (NH4)2SO42NH4NOS

Simplified model of reaction mechanisms for the simultaneous removal of
SO32 and NOy from flue gas by electron beam irradiation. Stage 1 represents
radical production from the interaction of electrons with the flue gas. Stage 2
represents the conversion of SOy and NOx to their respective acids, and the
reduction of NO to Nj. Stage 3 represents the formation of salt by-products
which are then collected by an electrostatic precipitator or baghouse. The same
mechanisms apply to the pulsed corona process, but the relative amounts of

initial radicals and final by-products are different because the mean electron
energies are lower.
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APPLICATION OF PULSED POWER IN
ELECTROSTATIC PRECIPITATORS

Pulsed systems could be used to optimize
precipitator efficiency by allowing one to precisely
adjust and control both the duration and frequency
of the current pulses. The use of pulsed power
makes it possible to achieve higher peak voltage
and higher sparking voltage.

- Pilot plant tests in the US, Japan and Italy showed
that the use of pulsed power leads to an increase in
the precipitation efficiency without having to
increase the area of the collecting electrodes.
Furthermore, pulsed powering leads to a higher
over-all electrical efficiency.

Pulsed power will become more important for
particulate control as the world consumption of coal
increases.
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PILOT PLANT RESULTS ON
ELECTRON BEAM AND PULSED CORONA
FLUE GAS TREATMENT

350 . " " L 1 M 1 " 1 i A i 1 i i i i i -

200 j e-beam - EBARA (USA) :

= ] pulsed corona - ENEL (ltaly)
5 250 '5 g
o n .
g 200 . e-beam - EBARA (Japan) n
) ] :
T 150 -
ox ] /,._--— e-beam - JAER! (Japan) .
Z ] f
100 A C

- ] :

0 4 8 12 16 20

Specific Energy Input (Wh/m®)

Amount of NOy removed as a function of the specific energy input.
The pulsed corona result obtained at ENEL (Italy) was for initial
NOyx of 300-550 ppm, and gas flow rates of 500-600 Nm3/h. The
electron beam result obtained at Ebara (USA) was for initial NOx of

270-390 ppm, and gas flow rates of 4000-5200 scfm. The result
obtained at Ebara (Japan) used 3-stage electron beam irradiation
with initial NOy of around 200 ppm. The result obtained at JAERI

(Japan) used triple stage irradiation with initial NOx of 150 ppm and
gas flow rate of 15 Nliter/min.
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POWER REQUIREMENT OF
ELECTRON BEAM FLUE GAS TREATMENT

500 MW power plant

burning 194 tons per hour of midwestern coal.

Typical flue gas flow rate is 106 scfm or 4.7x108 cm3/s.

The gas is polluted with 350 ppm of NOx and 2000 ppm of SO».

Both laboratory and pilot plant tests show that it is relatively easy to
remove SO7. The power consumption for the combined removal of

NOy and SOj is determined mainly by the removal of NOy.

The required rate of NOy removal is

350 ppm x 1070 x 4.7x108 cm3/s x 2x101? molecules/s =
3.3x1024 NOy-molecules per second

The best value of specific energy consumption for deNOy achieved
by the electron beam process is

14 eV /NOx-molecule (deNOx by e-beam).

The power requirement for the electron beam process is thus
14 eV/NOy x 3.3x1024 NOy /s = 4.6x102% eV /s = 7.4 MW

This represent 1.5% of the power plant output.
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POWER REQUIREMENT OF
PULSED CORONA FLUE GAS TREATMENT

500 MW power plant

burning 194 tons per hour of midwestern coal.

Typical flue gas flow rate is 100 scfm or 4.7x108 cm3/s.

The gas is polluted with 350 ppm of NOy and 2000 ppm of SO3.

Both laboratory and pilot plant tests show that it is relatively easy to
remove SO3. The power consumption for the combined removal of

NOy and SO2 is determined mainly by the removal of NOx.

The required rate of NOy removal is

350 ppm x 1070 x 4.7x108 cm3/s x 2x1019 molecules/s =
3.3x1024 NOy-molecules per second

The best value of specific energy consumption for deNOy achieved
by the pulsed corona process is

50 eV/NOx-molecule (deNOx by pulsed corona).

The power requirement for the pulsed corona process is thus
50 eV/NOy x 3.3x1024 NOy /s = 1.7x1026 eV /s = 26.4 N[W

This represent 5.3% of the power plant output.
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COSTS OF FLUE GAS TREATMENT
USING ELECTRON BEAM
AND PULSED CORONA

Cost analysis shows that in order for electron beam
processing to be competitive with the FGD/SCR
method, the accelerator has to cost around $2 per
watt.

A 500 MW power plant will require a 7.4 MW
accelerator (or set of accelerators) costing $15
million.

Assuming that pulsed power generators can be
manufactured at a cost of $1 per watt, the same 500
MW power plant will require a 26.4 MW pulsed
power system costing $26 million.
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LESSONS FROM HISTORY

(1) Pulsed power has already been successfully demonstrated in a
large scale for improving the efficiency of electrostatic
precipitators. Pulsed power will undoubtedly become essential
as the world consumption of coal for energy production

INncreases.

(2) Many pilot plant tests of electron beam processing for NOy/SO?

removal have been, and continue to be, conducted around the
world. Coal-fired pilot plant tests with gas flow rates as large
as 25,000 Nm3/h have been conducted. Scale-up of electron
beam accelerators using pulsed techniques are now being
conducted. The use of pulsed electron beams is essential to meet
the beam power requirements and to reduce the cost of the

accelerators.

(3) Demonstration of the pulsed corona process for NOy/SO2

removal in a large scale has been hampered by the absence of
suitable pulsed power generators. The pulsed power
requirements for pulsed corona reactors are much more
demanding than those for electrostatic precipitators. The largest
pilot plant test conducted using pulsed corona is onlv 1,000
Nm3/h. Larger scale tests are essential to learn not only what
the scalability of the process is, but also what the typical
investment and operating costs are at full-scale industrial

facilities.
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